568th MEETING, ABERDEEN 765 the characteristics of the reactions differ at the two temperatures; at 22°C the reactions follow second-order kinetics for at least 85 % of the total reaction. However, at the lower temperature, the second-order kinetic plots show distinct curvature, reflecting a differential reactivity of the thiol groups on the two subunits of the enzyme.
3-fold greater maximum reaction velocity with glucose (Ramel et al., 1971) . Each contains two identical subunits.
The inert co-ordination complex of ATP with chromium (CrATP) was reported by Danenberg & Cleland (1975) to bind tightly, along with glucose, to hexokinase, to an extent suggested to be about one each per molecule, but there was great variation in the apparent combining molecular weight of the commercial hexokinase used [known to be partly degraded proteolytically, existing as a partly active monomer Colowick, 1973) Sephadex column (1 crnx45cm) run in the same buffer/NaCI medium. Incorporation into the separated complex is expressed on the basis of the monomeric weight of 52000, as the mean from n experiments. By molecular-weight determination for the single peak obtained by gel filtration on a Bio-Gel P-200 column run in similar media (and calibrated with protein standards across the same range), it was shown that in the 10.502 medium here (after ligand addition) the protein was essentially all monomeric ¶ and in the 10.052 medium the hexokinase B complex was monomeric and the hexokinase A complex was dimeric. The values are obtained from the complex separated 90min after the reaction. Values in parentheses (expressed to the nearest 0.1 groups per monomer) represent extrapolations back to zero time of the incorporation measured after complex separation completed at a series of four or five different times (minimum 30min; maximum 6.5 h)i after the reaction.
Groups per monomer
CrA zero time indicated that the initial value was, indeed, 2 per dimer for the glucose and for the CrATP with hexokinase A. It is also seen that fructose behaves as glucose in this complex, but that lyxose (a competitive inhibitor) gives rise to weaker binding of the nucleotide. When hexokinases A and B were initially completely monomeric (0.5 MNaCl medium), similar results were obtained (Table 1) . The same overall stoicheiometries were obtained, except that the complex of hexokinase A had only one glucose molecule in the dimer and one in the monomer.
Affinity labelling in the vicinity of the nucleotidebinding site was obtained by using . Strong protection was exerted by MgATP; thus 0.25m-MgATP slowed the reaction 3-fold. In contrast, saturating ( 4 m~) hexose substrates gave no protection. Behaviour consistent with binding at the ATP substrate siteandreactionat agroupadjacent there, and not at thehexosesubstrate site, is Observed with this reagent. Sugar-binding sites were measured for hexokinase B by the reversible binding of 3,5-dinitrobenzoylgluccisamine. This is an enzymic inhibitor, competitive with glucose, but not with MgATP. Equilibrium-dialysis measurements led to a Scatchard plot that shows one binding site per monomer, with dissociation constant (KD) 2 x 1 0 -5~ (at 20°C, pH8, 10.102). The enzyme is dimeric in this medium. Displacement of this bound ligand from the monomeric or dimeric enzyme by sugars permits their KD values to be determined similarly. K D for substrates was also measured by the protection in the enzymesubstrate complex from alkylation by iodoacetamide or iodoacetate, which occurs in the free enzyme at an active-centre-related thiol group (Jones et al., 1975) : a plot of the reciprocal of the observed reaction rate constant against substrate concentration was linear in each case studied here. These methods gave values (at 35"C, pH8.4) of KD = 4.6 x 1 0 -4~ for glucose (I 0.1,lOO % monomeric hexokinase B), and 2.6 x M for the Mg complex of adenyl-5'-yl imidodiphosphate (10.012, used also separately as a probe for the ATP sites). When these two ligands were used together, the protection from alkylation increased to an extent that demonstrated synergism of the co-substrate bindings.
After a 12h alkylation of hexokinase B by 5m~-iodo[~~C]acetamide in the presence of 8m-mannose, without activity loss, followed by gel filtration of the product and analysis (Goren et al., 1968) of [14C] carboxymethyl amino acids present, it was seen that three of the four thiols of the monomer are alkylated, and no other groups. This derivative had the same affinity for the binding of 3,5-dinitrobenzoylglucosamine, and the same enzymic kinetic constants, as native hexokinase B. When the remaining thiol group was cyanylated by 2-nitro-5-thiocyanobenzoate (Degani & Patchornik, 1974) , enzyme activity was abolished, as was the binding of 3,5-dinitrobenzoylglucosamine, or CrATP in the presence of glucose. This essential thiol group at the hexose site is located, as intramolecular cleavage and peptide separation showed, at 20% of the subunit length from the C-terminus.
The various results obtained show that two hexose-binding sites exist and can be occupied together in the dimeric enzyme (in the case of hexokinase B), and one per monomer in both monomeric isoenzymes. For the ATP-binding sites there are two that can be occupied in each dimer in solution and one in each monomer. However, the methods used do not exclude that in the dimer a third intersubunit ATP site (I-site) exists, as found by Fletterick et al. (1975) in the crystal state, but if so it is not occupied in the conditions used here.
This work was supported by a grant from the Science Research Council. For both horse liver and yeast alcohol dehydrogenases, steady-state kinetics in the absence of products indicate that for acetaldehyde reduction by NADH, the mechanism shown in Scheme 1 (a) is applicable (Dalziel, 1963; Dickinson 8c Monger, 1973) . In both cases V,=. is determined by the rate of dissociation of NAD+ from the enzyme-NAD+ complex, k-,. Plapp (1973) has shown that for such a mechanism, product inhibition with ethanol should give an estimate for the dissociation constant KJ = k-3/k+3 of ethanol from the enzyme-NAD+-ethanol complex, provided that k ' $k, and k-6 k', k-3. Plapp (1973) has indicated that these conditions are probably satisfied for liver alcohol dehydrogenase, and the results of Dickenson & Dickinson (1977) show the same for the yeast enzyme. However, it seems unlikely that Scheme l(a) is a complete description of the processes occurring in product inhibition of the alcohol dehydrogenases with ethanol. For yeast alcohol dehydrogenase, initial-rate studies of ethanol oxidation by
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